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DESCRIPTION 
PLL CIRCUIT 

Technical Field 

5 The present invention relates to a PLL (Phase Locked 

Loop) circuit with built-in voltage controlled oscillators, 
and particularly, to a PLL circuit which requires a wide 
oscillation frequency band. 
Background Art . 

10 With diversification in mobile communication systems 

in recent years, carrying out transmission and reception in 
various methods by use of a single mobile communication 
terminal has been demanded, and meanwhile, normally, since 
different mobile communication systems employ different 

15 frequency bands, a transmitting and receiving function in 
multiple frequency bands, a so-called multiband radio 
function has been required for such a multi-mode terminal. 

For a frequency synthesizer used in a multiband radio, 
it is necessary to be capable of generating local signals in 

20 various frequency bands corresponding to the multibands. 

For example, methods such as GSM (Global System for Mobile 
Communications) employing a 900MHz band, DCS (Digital 
Cellular System) employing a 1800MHz band, PCS (Personal 
Communication Services) employing a 1900MHz band, and UMTS 

25 (Universal Mobile Telecommunication System) employing a 2GHz 
band have been widely utilized around the world, and 
development of a four-band radio which can be used for all 
these frequency bands has been demanded. 

In the case of realizing a frequency synthesizer 

30 corresponding to such a four-band radio, it is necessary to 
prepare respective unit synthesizers for GSM transmission, 
for GSM reception, for DCS transmission, for DCS reception, 
for PCS transmission, for PCS reception, for UMTS 
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transmission, and for UMTS reception. Since the reception 
frequency of PCS and transmission frequency of UMTS are 
almost identical in their bands, both can be used by a 
single synthesizer, however, this is merely a special case, 
5 and basically, unit synthesizers in a number respectively 
corresponding to necessary multiple frequencies are 
prepared. Accordingly, if the number of bands increases, 
the number of unit synthesizers increases in proportion 
thereto, and hardware results on a huge scale. 

10 As a method for solving such problems, a method of 

improving an oscillator in modulation sensitivity so as to 
expand a variable range of the oscillator itself can be 
considered, however, in this case, there is a problem of 
fluctuation in frequency of a local oscillator owing to 

15 noise and the like from the outside and inside of the chip. 
In addition, there is a construction to generate 
signals having a plurality of frequency bands greater in the 
number of unit synthesizers by a small-scale circuit 
configuration provided by combining an arithmetic circuit 

20 composed of a frequency divider and a mixer for 

multiplication with two unit synthesizers. However, this 
cannot correspond to all the combining communication 
methods, and there is a drawback in that the number of 
synthesizers is consequently increased. 

25 Therefore, a method for selecting a voltage controlled 

oscillator by an external signal according to a desirable 
oscillation frequency to be obtained has been suggested by 
use of a plurality of voltage controlled oscillators having 
different controlled voltage-oscillation frequency 

30 characteristics . 

In this method, since the plurality of voltage 
controlled oscillators take charge of mutually different 
frequency ranges, the frequency range as a whole being wide, 
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although each voltage controlled oscillator has a narrow 
frequency variable range. Since each voltage controlled 
oscillator has a narrow frequency variable, each voltage 
controlled oscillator can take a small modulation 
5 sensitivity, which makes it possible to stably operate 
synthesizers . 

Fig. 10 is a diagram showing a configuration example 
of a quadruple circuit to select from a plurality of voltage 
controlled oscillators by an external signal and generate a 
10 clock. 

The present conventional art is, as shown .in Fig. 10, 
a quadruple circuit composed of a PLL circuit having a phase 
comparator 1, a charge pump 2, a loop filter 3, a voltage 
controlled oscillator group 4 consisting of four voltage 

15 controlled oscillators having different control voltage- 
oscillation frequency characteristics, a selection circuit 
6, a frequency divider 5, an N-channel MOS transistor NM5 , 
and a resistor R. When an output signal S14 from the 
selection circuit 6 is high in potential (H) , the N-channel 

20 MOS transistor NM5 is turned on, and by a series connection 
circuit composed of the resistor R and MOS transistor NM5 , 
current of an output signal S4 from the loop filter 3 is 
extracted, and potential of a signal S4 line is set to a 
voltage within a range between reference voltages Vrefl and 

25 Vref2, which will be described later (see Japanese Published 
Unexamined Patent Application No. H09-214335.) 

In the following, operations of a quadruple circuit 
constructed as described above will be described. 

The phase comparator 1 generates output signals SI and 

30 S2 based on results of a comparison between a reference 

signal CK1 and an internal signal CK2 . The signal SI is a 
signal to indicate a phase lead amount of the reference 
signal CK1 over the internal signal CK2 , the signal S2 is a 
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signal to show a phase lead amount of the internal signal 
CK2 over the reference signal CKl, and these signals SI and 
S2 are inputted into the charge pump 2. 

An output signal S3 from the charge pump 2 is inputted 
5 into the loop filter 3 and is, after a high-frequency 

component is removed by the loop filter 3, inputted into the 
voltage controlled oscillator group 4 as a control voltage 
S4 of the voltage controlled oscillator group 4. 

In the voltage controlled oscillator group 4, signals 

10 S10 to S13 generated in the selection circuit 6 are inputted 
so that one voltage controlled oscillator is selected from 
the four voltage controlled oscillators of the voltage 
controlled oscillator group 4. An output signal CK3 from 
the voltage controlled oscillator group 4 is divided into 

15 four by the voltage divider 5 to become an internal signal 
CK2 . 

In the conventional art, the circuit locks when 
operation is performed so that the signal CK1 and signal CK2 
coincide in frequency and phase, and a frequency of the 
20 signal CK3 obtained from the voltage controlled oscillator 
group 4 becomes quadruple that of the reference signal CKl . 

Fig. 11 is a block diagram showing a configuration of 
the selection circuit 6 shown in Fig. 10. 

When the output signals S10 to S13 from the selection 
25 circuit 6 are changed, the output signal S14 becomes high in 
potential (H) for a fixed time, and thereby, potential of 
the signal S4 is set so as to be in a range of threshold 
voltages Vrefl and Vref2 (Vref 2>Vref 1 ) . 

In the selection circuit 6, a voltage comparator 418 
30 having a threshold voltage Vrefl and a voltage comparator 
419 having a threshold voltage Vref 2 are provided. In the 
voltage comparator 418, an output signal S15 is set to a 
high potential (H) when voltage of the inputted control 
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signal S4 is lower than the threshold voltage Vrefl, and an 
output signal S15 is set to a low potential (L) when voltage 
of the control signal S4 is higher than the threshold 
voltage Vrefl. In addition, in the voltage comparator 419, 
5 an output signal S16 is set to a high potential (H) when 

voltage of the inputted control signal S4 is lower than the 
threshold voltage Vref2, and an output signal S16 is set to 
a low voltage (L) when voltage of the control signal S4 is 
higher than the threshold voltage Vref 2 . 

10 In addition, a NOR gate 420 for setting a signal S17 

to a high potential (H) when the signals S15 and S16 are 
both low in potential (L) and for, in other cases, setting 
the same to a low potential (L) , an AND gate 421 for setting 
a signal S18 to a high potential (H) when the signals S15 

15 and S16 are both high in potential (H) and for, in other 
cases, setting the same to a low potential (L) , 2-bit up 
counters 422 and 423, a subtractor 424 for subtracting an 
output count value S20 of the counter 423 from an output 
count value S19 of the counter 422, and a decoder 425 for 

20 setting any of only one of the output signals S10 to S13 to 
a high potential (H) in accordance with a count value S21 
inputted from the subtractor 424 are provided. 

By the selection circuit 6 having such operation 
characteristics, from the four voltage controlled 

25 oscillators having different control voltage-oscillation 

frequency characteristics, one voltage controlled oscillator 
according to a quadruple frequency of the frequency of the 
reference signal CKl is automatically selected. 

Furthermore, when the selecting state is changed by 

30 the selection circuit 6, the signal S14 is temporarily made 
high in potential (H) , and potential of the signal S4 is 
forcibly set to a value higher than a threshold voltage 
Vrefl shown in Fig. 12 and also lower than a threshold value 



002.1396932.1 



CLEAN REPLACEMENT SPECIFICATION 
Atty. Dkt. No. 065686-0161 

Vref2, therefore, outputs from the NOR gate 42 0 and AND gate 
421 are once returned to a low potential (L) , whereby in the 
selecting state of the voltage controlled oscillator group 4 
having different control voltage-oscillation frequency 
5 characteristics, malfunction can be prevented. 

Fig. 12 is a characteristics diagram showing 
oscillation frequency characteristics, with respect to a 
voltage of the control signal S4, of the voltage controlled 
oscillator group 4 shown in Fig. 10. Here, frequencies fl 
10 to f8 have a relationship of fl < f2 < f3 < f4 < f5 < f6 < 
fl < f8. 

First, description will be given for a case where a 
desirable oscillation frequency, namely, a quadruple 
frequency fosc of a frequency of the reference signal CKl to 

15 be inputted into the phase comparator 1 is fl < fosc < f 2 . 

When a lock occurs only at a characteristic D shown in 
Fig. 12, namely, when voltage of the control signal S4 is 
not deviated from the range between the threshold voltage 
Vrefl and threshold voltage Vref2, the output signals S17 

20 and S18 from the NOR gate 420 and AND gate 421 never become 
high in potential (H) , therefore, the counters 422 and 423 
never perform a counting operation, and the condition of the 
output signals S10 to S13 does not change from their initial 
condition . 

25 In addition, when the characteristic shifts to a 

characteristic C shown in Fig. 12, further shifts to a 
characteristic B, and the circuit is finally locked, 
operations are as follows. 

When the control voltage S4 exceeds the threshold 

30 voltage Vref2 at the characteristic D, the output signal S17 
from the NOR gate 420 becomes high in potential (H) , the 
output value S19 from the counter 422 and an output value 
S21 from the subtractor 424 are increased by one, whereby, 
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in the decoder 42 5, only the output signal S13 is switched 
over from a high-potential (H) condition to a low-potential 
(L) condition, also only the output signal S12 is switched 
over from a low-potential (L) condition to a high-potential 
5 state (H) condition, and the characteristic shifts to the 
characteristic C. 

At this time of switching over, since the signal S14 
temporarily becomes high in potential (H) and the control 
signal S4 temporarily returns to a voltage in the range 
10 between the threshold voltage Vrefl and threshold voltage 
Vref2, the output signal S17 from the NOR gate 420 changes 
from a high potential (H) to a low potential (L) . 

Even after PLL control according to the characteristic 
C is performed as such, since frequency of the internal 
15 signal is still lower than the quadruple frequency of the 
reference signal, the control voltage S4 again exceeds the 
threshold voltage Vref2, the selection circuit 6 repeats the 
aforementioned operations, and the characteristic shifts to 
the characteristic B. At this point in time, from the 
20 voltage controlled oscillator group 4, a frequency roughly 
the same as that of the reference signal CKl is being 
outputted, however, since the phase of the frequency divider 
5 does not change in a short time, the phase comparator 1 
still operates so as to set the frequency of the internal 
25 signal high, and consequently, the control voltage S4 again 
exceeds the threshold value Vref2, the selection circuit 6 
repeats the aforementioned operations, and the 
characteristic shifts to a characteristic A. 

As a result, frequency of the voltage controlled 
30 oscillator group 4 becomes higher than that of the reference 
signal, the phase of the frequency divider 5 has a lead over 
that of the reference signal, therefore, the control voltage 
S4 falls below the threshold voltage Vrefl, and the 
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characteristic is again shifted to the characteristic B by 
the selection circuit 6. 

Thereafter, the two frequencies are equalized, and a 
lock finally occurs at the characteristic B. 
5 However, as mentioned above, in a case where a voltage 

controlled oscillator is selected according to a desirable 
oscillation frequency by use of a plurality of voltage 
controlled oscillators having different control voltage- 
oscillation frequency characteristics, although a broadband 

10 PLL circuit can be realized, since, even when a preferred 

voltage controlled oscillator is selected, the phase of the 
frequency does not change in a short time, an output from 
the phase comparator does not sufficiently follow a change 
in frequency, and consequently, a considerably long time is 

15 spent before an optimal oscillator is selected, therein a 
problem exists. 

Since the phase is integration of the frequency, even 
if an optimal oscillator is selected and an internal signal 
having a frequency identical to that of the reference signal 

20 is inputted into the phase comparator, it takes a great deal 
of time to bring about an output from the phase comparator 
into a locked condition, and the output is not immediately 
brought into a locked condition. 

25 Disclosure of the Invention 

An object of the present invention is to provide a PLL 
circuit capable of selecting a required voltage controlled 
oscillator according to a desirable oscillation frequency in 
a short time by use of a plurality of voltage controlled 
30 oscillators having different control voltage-oscillation 
frequency characteristics. 

In order to achieve the above-described object, a PLL 
circuit according to the present invention comprises: a 
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phase comparing means for comparing phases between a 
reference signal and an internal signal and outputting a 
phase difference signal according to a phase difference 
therebetween; a plurality of oscillators which have mutually 
5 different frequency variable ranges and whose oscillation 

frequencies are respectively controlled in accordance with a 
phase difference signal; a selecting means for selecting one 
of the outputs from the plurality of oscillators based on 
the phase difference signal; and a frequency dividing means 

10 for generating the internal signal by dividing an output of 
the oscillator selected by the selecting means, wherein 
provided is a means for approximating, when the oscillator 
selecting state is changed, an output phase of the frequency 
dividing means to the phase of the reference signal. 

15 In addition, the plurality of oscillators have 

mutually overlapping frequency variable ranges. 

Furthermore, the plurality of oscillators have 
mutually different operating frequency ranges. 

Still furthermore, the selecting means switches over 

20 outputs from the plurality of oscillators based on a history 
of the phase difference signal or the phase control signal. 

Still furthermore, the oscillators are voltage 
controlled oscillators, and provided is a means for 
converting the phase difference signal to an oscillator 

25 control voltage. 

In addition, provided is a means for setting two 
threshold voltages having mutually different values within a 
variable voltage range of the control voltage of the voltage 
controlled oscillator and temporarily setting, when the 

30 voltage controlled oscillator selecting state is changed, a 
value of the oscillator control voltage in a range between 
the two threshold voltages. 

In addition, provided is a means for changing a value-.. 
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of the temporarily setting the oscillator control voltage in 
accordance with a history when the voltage controlled 
oscillator selecting state is changed. 

In addition, when the voltage controlled oscillator 
5 selecting state is switched over as a result of the 

oscillator control voltage becoming out of the range between 
the two threshold voltages, the temporarily setting 
oscillator control voltage is set, out of the two threshold 
voltages, in the vicinity of the oscillator control voltage- 

10 side threshold voltage. 

In addition, when the voltage controlled oscillator 
selecting state is switched over as a result of the 
oscillator control voltage becoming out of the range between 
the two threshold voltages and when the oscillator control 

15 voltage becomes out of the range between the two threshold 
voltages twice or more in series, the temporarily setting 
oscillator control voltage is set, out of the two threshold 
voltages, in the vicinity of the oscillator control voltage- 
side threshold voltage. 

20 In addition, when the oscillator control voltage 

becomes out of the range between the two threshold voltages, 
depending on whether this oscillator control voltage is 
greater than the two threshold voltages or smaller than the 
two threshold voltages, whether setting the oscillator 

25 control voltage higher or setting the same lower than an 

intermediate potential between the two threshold voltages is 
controlled . 

In addition, a PLL circuit according to the present 
invention comprises : 
30 a phase comparing means for comparing phases between a 

reference signal and an internal signal and outputting a 
phase difference signal according to a phase difference 
therebetween ; 
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a plurality of resonant circuits provided with 
mutually different resonance frequencies; 

an oscillator whose oscillation frequency is 
controlled in accordance with the resonant circuits and a 
5 phase difference signal; 

a selecting means for selecting one of the plurality 
of resonant circuits based on the phase difference signal; 
and 

a frequency dividing means for generating the internal 
10 signal by dividing an output from the oscillator, wherein 
provided is a means for approximating, when the 
resonant circuit selecting state is changed, an output phase 
of the frequency dividing means to the phase of the 
reference signal . 
15 In addition, the selecting means switches over the 

plurality of resonant circuits based on a history of the 
phase difference signal or the phase control signal. 

In addition, the oscillator is a voltage controlled 
oscillator, and 
20 provided is a means for converting the phase 

difference signal to aan oscillator control voltage. 

In addition, provided is a means for setting two 
threshold voltages having mutually different values within a 
variable voltage range of the control voltage of the voltage 
25 controlled oscillator and temporarily setting a value of the 
oscillator control voltage in a range between the two 
threshold voltages, when the resonant circuit selecting 
state is changed. 

In addition, provided is a means for changing a value 
30 of the temporarily setting oscillator control voltage in 
accordance with a history when the resonant circuit 
selecting state is changed. 

In addition, when the resonant circuit selecting state 
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is switched over as a result of the oscillator control 
voltage becoming out of the range between the two threshold 
voltages, the temporarily setting oscillator control voltage 
is set, out of the two threshold voltages, in the vicinity 
5 of the oscillator control voltage-side threshold voltage. 

In addition, when the resonant circuit selecting state 
is switched over as a result of the oscillator control 
voltage becoming out of the range between the two threshold 
voltages and when the oscillator control voltage becomes out 

10 of the range sandwiched between the two threshold voltages 
twice or more in series, the temporarily setting oscillator 
control voltage is set, out of the two threshold voltages, 
in the vicinity of the oscillator control voltage-side 
threshold voltage. 

15 in addition, when the oscillator control voltage 

becomes out of the range between the two threshold voltages,, 
depending on whether this oscillator control voltage is 
greater than the two threshold voltages or smaller than the 
two threshold voltages, whether setting the oscillator 

20 control voltage higher or setting the same lower than an 

intermediate potential between the two threshold voltages is 
controlled . 

In addition, a PLL circuit according to the present 
invention comprises : 
25 a phase comparing means for comparing phases between a 

reference signal and an internal signal and outputting a 
phase difference signal according to a phase difference 
therebetween ; 

an oscillator constructed by coupling a plurality of 
30 delay circuits whose delay times are respectively controlled 
in accordance with a phase difference signal; 

a selecting means for switching over the coupling 
number of delay circuits based on the phase difference 
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signal; and 

a frequency dividing means for generating the internal 
signal by dividing an output of the oscillator selected by 
the selecting means, wherein 
5 provided is a means for approximating, when the 

oscillator selecting state is changed, an output phase of 
the frequency dividing means to the phase of the reference 
signal . 

In addition, the selecting means switches over the 
10 coupling number of the delay circuits based on a history of 
the phase difference signal or the phase control signal. 

In addition, the oscillator is a voltage controlled 
oscillator, and 

provided is a means for converting the phase 
15 difference signal to an oscillator control voltage. 

In addition, provided is a means for setting two 
threshold voltages having mutually different values within a 
variable voltage range of the control voltage of the voltage 
controlled oscillator and temporarily setting a value of the 
20 oscillator control voltage in a range between the two 

threshold voltages, when the delay circuit coupling number 
selecting state is changed. 

In addition, provided is a means for changing a value 
of the temporarily setting oscillator control voltage in 
25 accordance with a history when the delay circuit coupling 
number selecting state is changed. 

In addition, when the delay circuit coupling number 
selecting state is switched over as a result of the 
oscillator control voltage becoming out of the range between 
30 the two threshold voltages, the temporarily setting 

oscillator control voltage is set, out of the two threshold 
voltages, in the vicinity of the oscillator control voltage- 
side threshold voltage. 
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In addition, when the delay circuit coupling number 
selecting state is switched over as a result of the 
oscillator control voltage becoming out of the range between 
the two threshold voltages and when the oscillator control 
5 voltage becomes out of the range between the two threshold 
voltages twice or more in series, the temporarily setting 
oscillator control voltage is set, out of the two threshold 
voltages, in the vicinity of the oscillator control voltage- 
side threshold voltage. 

10 In addition, when the oscillator control voltage 

becomes out of the range between the two threshold voltages, 
depending on whether this oscillator control voltage is 
higher than the two threshold voltages or lower than the two 
threshold voltages, whether setting the oscillator control 

15 voltage higher or setting the same lower than an 

intermediate potential between the two threshold voltages is 
controlled. 

In addition, the output phase of the frequency 
dividing means is synchronized with the phase of the 

20 reference signal. 

In the present invention constructed as in the above, 
a PLL circuit comprises: a phase comparing means for 
comparing phases between a reference signal and an internal 
signal and outputting a phase difference signal according to 

25 a phase difference therebetween; a plurality of oscillators 
which have mutually different frequency variable ranges and 
whose frequencies are respectively controlled in accordance 
with a phase control signal; a selecting means for selecting 
one of the outputs from the plurality of oscillators based 

30 on the phase difference signal or the phase control signal; 
and a frequency dividing means for generating the internal 
signal by dividing an output of the oscillator selected by 
the selecting means, and when the oscillator selecting state 
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is changed, an output phase of the frequency divider is 
approximated to the phase of the reference signal, 
therefore, in a PLL circuit using a plurality of voltage 
controlled oscillators having different control voltage- 
5 oscillation frequency characteristics, a required voltage 
controlled oscillator can be selected according to a 
desirable oscillation frequency in a short time. 

Accordingly, in the present invention, when realizing 
a broadband PLL circuit by use of a plurality of voltage 

10 controlled oscillators having different control voltage- 
oscillation frequency characteristics, a required voltage 
controlled oscillator can be automatically selected 
according to a desirable oscillation frequency in a 
considerably short time, therefore, it becomes possible to 

15 avoid, in a system using while switching over a plurality of 
radio methods, causing a considerably prolonged frequency 
setting time, thus the invention is preferable for such a 
system. 

20 Brief Description of Drawings 

Fig. 1 is a block diagram showing a configuration 
example of a quadruple circuit to which a first embodiment 
of a PLL circuit of the present invention has been applied. 
Fig. 2 is a characteristics diagram showing 
25 oscillation frequency characteristics, with respect to a 
voltage of a control signal, of a voltage controlled 
oscillator group shown in Fig. 1. 

Fig. 3 is a block diagram showing a configuration 
example of a quadruple circuit to which a second embodiment 
30 of a PLL circuit of the present invention has been applied. 
Fig. 4 is a characteristics diagram showing 
oscillation frequency characteristics, with respect to a 
voltage of a control signal, of a voltage controlled 
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oscillator group shown in Fig. 3. 

Fig. 5 is a characteristics diagram showing 
oscillation frequency characteristics, with respect to a 
voltage of a control signal, of a voltage controlled 
5 oscillator group shown in Fig. 3. 

Fig. 6 is a block diagram showing a configuration 
example of a quadruple circuit to which a third embodiment 
of a PLL circuit of the present invention has been applied. 
Fig. 7 is a block diagram showing a configuration 
10 example of a quadruple circuit to which a fourth embodiment 
of a PLL circuit of the present invention has been applied. 

Fig. 8 is a block diagram showing a configuration 
example of a quadruple circuit to which a fifth embodiment 
of a PLL circuit of the present invention has been applied. 
15 Fig. 9 is a block diagram showing a configuration 

example of a quadruple circuit to which a sixth embodiment 
of a PLL circuit of the present invention has been applied. 

Fig. 10 is a diagram showing a configuration example 
of a quadruple circuit to select from a plurality of voltage 
20 controlled oscillators by an external signal and generate a 
clock . 

Fig. 11 is a block diagram showing a configuration of 
a selection circuit shown in Fig. 10. 

Fig. 12 is a characteristics diagram showing 
25 oscillation frequency characteristics, with respect to a 
voltage of a control signal, of a voltage controlled 
oscillator group shown in Fig. 10. 

Best Mode for Carrying Out the Invention 
30 (First Embodiment) 

Fig. 1 is a block diagram showing a configuration 
example of a quadruple circuit to which a first embodiment 
of a PLL circuit of the present invention has been applied. 
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Here, in Fig. 1, identical symbols will be used for 
components identical to those shown in Fig. 10, whereby a 
detailed description thereof will be omitted. 

As shown in Fig. 1, in the present embodiment, a 2- 
5 input AND circuit 7 whose first input is a reference signal 
and whose second input is a signal from a selection circuit 
6 is further provided, an output therefrom is inputted into 
a reset terminal of a frequency divider 5, and by this 
signal, a frequency divider output and the reference signal 

10 are synchronized in phase. 

In addition, inside the selection circuit 6, a voltage 
comparator 418 having a threshold voltage Vrefl and a . . 

voltage comparator 418 having a threshold voltage Vref2 
(>Vrefl) are provided. In one voltage comparator 419, an 

15 output signal S15 is set to a high potential (H) for a fixed 
time when a voltage of an inputted control signal S4 is 
lower than the threshold voltage Vrefl, and an output signal 
S15 is set to a low potential (L) for a fixed time when a 
voltage of an inputted control signal S4 is higher than the 

20 threshold voltage Vrefl. In addition, in the other voltage 
comparator 418, an output signal S16 is set to a high 
potential (H) for a fixed time when a voltage of an inputted 
control signal S4 is higher than the threshold value Vref2, 
and an output signal S16 is set to a low potential (L) for a 

25 fixed time when a voltage of an inputted control signal S4 
is lower than the threshold value Vref 2 . 

The outputs S15 and S16 from the voltage comparators 
418 and 419 are inputted into an up/down counter 426, and in 
accordance with an output therefrom, a selection switch 43 6 

30 is switched over. By the selection circuit 6 having such 
operating characteristics, from four voltage-controlled 
oscillators having different control voltage-oscillation 
frequency characteristics, one voltage controlled oscillator 

- 17 - 



002.1396932.1 



CLEAN REPLACEMENT SPECIFICATION 
Atty. Dkt. No. 065686-0161 



according to a quadruple frequency of a frequency of the 
reference signal CKl is automatically selected in accordance 
with a voltage value of the control signal S4 . 

Furthermore, when the selecting state is changed by 
5 the selection circuit 6, a signal S14 temporarily becomes 

high in potential (H) , potential of an output signal S4 from 
a loop filter 3 is forcibly set to a value higher than the 
threshold voltage Vrefl shown in Fig. 2 and also lower than 
the threshold value Vref2, therefore, outputs from the 

10 voltage comparators 418 and 419 are once returned to a low 
potential (L) . Furthermore, by the 2-input AND circuit 7 
into which the signal S14 and reference signal are inputted, 
the frequency divider 5 is reset for a fixed period of time 
at a point in time of change in the voltage controlled 

15 oscillator selecting state, whereby, the reference signal 
and an output phase of the frequency divider 5 are 
synchronized. Thereby, a great change in frequency caused 
by a change in the voltage controlled oscillator selecting 
state is to be detected by the phase comparator 1 in a short 

20 time, thus in the selecting state of a voltage controlled 
oscillator group 4 having different control voltage- 
oscillation frequency characteristics, malfunction can be 
prevented . 

As has been described above, in a semiconductor 
25 integrated circuit including four voltage-controlled 

oscillators having different control voltage-oscillation 
frequency characteristics, conventionally, only the output 
signal S4 from the loop filter 3 to prevent malfunction when 
switching over voltage controlled oscillators has been 
30 forcibly controlled, however, in the present embodiment, by 
forcibly synchronizing also an output phase of the frequency 
divider 5 with the reference signal, it becomes possible to 
select a preferred voltage controlled oscillator in a 

- 18 - 



002.1396932.1 



CLEAN REPLACEMENT SPECIFICATION 
Atty. Dkt. No. 065686-0161 



considerably short time. 

Fig. 2 is a characteristics diagram showing 
oscillation frequency characteristics of a voltage 
controlled oscillator group 4 shown in Fig. 1, with respect 
5 to a voltage of a control signal S4 . Here, A to D are 
respectively control voltage-oscillation frequency 
characteristics of four oscillators, and frequencies fl to 
f8 have a relationship of fl < f2 < f3 < f4 < f5 < f6 < f7 < 
f8. 

10 First, description will be given for a case where a 

desirable oscillation frequency, namely, a quadruple 
frequency fosc of a frequency of a reference signal CKl to 
be inputted is fl < fosc < f 2 . 

When a lock occurs only at a characteristic D shown in 

15 Fig. 2, namely, when voltage of the control signal S4 is not 
deviated from the range between the threshold voltage Vrefl 
and threshold voltage Vref2, the output signals S15 and S16 
from the voltage comparators 418 and 419 never become 
iewhigh in potential (LH) , therefore, the counter 426 never 

20 performs a counting operation, and the condition of the 
selection circuit 6 does not change from its initial 
condition. 

In addition, when the characteristic shifts from the 
characteristic D to a characteristic C shown in Fig. 2, 
25 further shifts to a characteristic B, and the circuit is 
finally locked, operations are as follows. 

When the control voltage S4 exceeds the threshold 
voltage Vref2 at the characteristic D, the output signal S16 
from the voltage comparator 418 becomes high in potential 
30 (H) for a fixed time, whereby, the counter 426 performs an 
up-counting operation by one. Simultaneously with the 
voltage controlled oscillator selecting state shifting from 
the characteristic D to the characteristic C, the signal S14 
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temporarily becomes high in potential (H) , and the control 
signal S4 temporarily returns to the range between the 
threshold value Vrefl and threshold value Vref2, therefore, 
a change in the output signal S16 to a high potential (H) 
5 after switching over the voltage controlled oscillators is 
prevented . 

Furthermore, by the 2-input AND circuit 7 into which 
the signal S14 and reference signal are inputted, the 
frequency divider 5 is reset for a fixed period of time at a 

10 point in time of change in the voltage controlled oscillator 
selecting state, whereby, the reference signal and an output 
signal of the frequency divider 5 are synchronized in phase, 
whereby, a great change in frequency caused by a change in 
the voltage controlled oscillator selecting state is 

15 detected by a phase comparator 1 in a short time, thus in 

the selecting state of a voltage controlled oscillator group 
4 having different control voltage-oscillation frequency 
characteristics, malfunction is prevented. 

Even after PLL control according to the characteristic 

20 C is performed as such, since frequency of the internal 

signal is still lower than the quadruple frequency of the 
reference signal, the control voltage S4 again exceeds the 
threshold voltage Vref2, the selection circuit 6 repeats the 
aforementioned operations, and the characteristic shifts to 

25 a characteristic B. At this point in time, the voltage 

controlled oscillator is outputting a frequency roughly the 
same as that of the reference signal, while the phase of the 
frequency divider 5 also has a value according thereto, 
therefore, the two frequencies are thereafter equalized, and 

30 a lock finally occurs at the characteristic B. 

On the other hand, if, for example, the frequency of 
the reference signal CKl is switched over so as to make a 
desirable oscillation frequency fosc fl < fosc < f2 in a 
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condition currently being locked to the characteristic B, 
the characteristic switches over, for example, from the 
characteristic B to characteristic C to characteristic D, 
and the circuit is finally locked to the characteristic D. 
5 (Second Embodiment) 

Fig. 3 is a block diagram showing a configuration 
example of a quadruple circuit to which a second embodiment 
of a PLL circuit of the present invention has been applied. 
Here, in Fig. 3, identical symbols will be used for 
10 components identical to those shown in Fig. 1, whereby a 
detailed description thereof will be omitted. 

As shown in Fig. 3, in the present embodiment, to 
components shown in the first embodiment, added is a circuit 
for storing outputs from the voltage comparators 418 and 419 
15 in history counters 427 and 428 and changing, based on the 
history information stored in the history counter 427 and 
428, a voltage value to forcibly set an output potential 
from the loop filter 3 . 

In the present embodiment, when the selecting state is 
20 changed by the selection circuit 6, in a case where up or 
down signals into the up/down counter 42 6 are inputted in 
series, an output value from the loop filter 3 is forcibly 
set, if up signals are consecutive, lower than the threshold 
value Vref2 and in the vicinity thereof, and if down signals 
25 are consecutive, higher than the threshold value Vrefl and 
in the vicinity thereof. 

The history counters 427 and 428 are composed of 2-bit 
shift resisters, respectively, and outputs therefrom are 
respectively inputted into 2-input AND circuit 429 and 430 
30 and 2-input EXOR circuits 431 and 432. 

When up signals are inputted twice or more in series, 
since the up history counter 427 outputs, as 2-bit output, 
the same values, an output from the AND circuit 429 becomes 
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high in potential (H) , whereby, an output S4 from the loop 
filter 3 is forcibly set lower than the threshold value 
Vref2 and in the vicinity thereof. 

When down signals are inputted twice or more in 
5 series, since the down history counter 428 outputs, as 2-bit 
output, the same values, an output from the AND circuit 43 0 
becomes high in potential (H) , whereby, an output S4 from 
the loop filter 3 is forcibly set higher than the threshold 
value Vrefl and in the vicinity thereof. 
10 In addition, when neither up signals nor down signals 

are inputted twice or more in series, outputs from the two 
EXOR circuits 431 and 432 become high in potential (H) , and ;, 
as a result, an output from an OR circuit 433 is high in 
potential (H) , and an output from the loop filter 3 is set 
15 to the middle between the threshold values Vrefl and Vref 2 . 

Thereby, even when design is provided with a large 
number of oscillators to cover a wide frequency range, a 
shifting time from a lowest-frequency characteristic to a 
highest- frequency characteristic can be shortened. 
20 Furthermore, by the 2 -input AND circuit 7 into which 

the signal S14 and reference signal are inputted, the 
frequency divider 5 is reset for a fixed period of time at a 
period in time of change in the voltage controlled 
oscillator selecting state, whereby the phases of the 
25 reference signal and an output of the frequency divider 5 
are synchronized. Thereby, a great change in frequency 
caused by a change in the voltage controlled oscillator 
selecting state is to be detected by the phase comparator 1 
in a short time, thus in the selecting state of a voltage 
30 controlled oscillator group 4 having different control 

voltage-oscillation frequency characteristics, malfunction 
can be prevented. 

As has been described above, in a semiconductor 
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integrated circuit including four voltage controlled 
oscillators having different control voltage-oscillation 
frequency characteristics, conventionally, only the output 
. signal S4 from the loop filter 3 to prevent malfunction when 
5 switching over voltage controlled oscillators has been 

forcibly controlled. However, in the present embodiment, by 
adding a circuit for changing a voltage value to forcibly 
set an output potential from the loop filter 3, and 
moreover, by forcibly synchronizing also an output phase of 

10 the frequency divider 5 with that of the reference signal, 

it becomes possible to select a preferred voltage controlled 
oscillator in a considerably short time. 

Fig. 4 is a characteristics diagram showing 
oscillation frequency characteristics of a voltage 

15 controlled oscillator group 4 shown in Fig. 3 with respect 
to a voltage of a control signal S4 . Here, A to D are 
respectively control voltage-oscillation frequency 
characteristics of four oscillators, and frequencies fl to 
f8 have a relationship of fl < f2 < f3 < f4 < f5 < f6 < f7 < 

20 f8. 

First, description will be given for a case where a 
desirable oscillation frequency, namely, a quadruple 
frequency fosc of a reference signal CKl to be inputted is 
fl < fosc < f2. 

25 When a lock occurs only at a characteristic D shown in 

Fig. 4, namely, when voltage of the control signal S4 is not 
deviated from the range between the threshold voltage Vrefl 
and threshold voltage Vref2, the output signals S15 and S16 
from the voltage comparators 418 and 419 never become high 

30 in potential (H) , the counter 426 never performs a counting 
operation, and the condition of the selection circuit does 
not change from its initial condition. 

In addition, when the characteristic shifts from the 
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characteristic D to a characteristic C shown in Fig. 4, 
further shifts to a characteristic B, and the circuit is 
finally locked to a characteristic A, operations are as 
follows . 

5 When the control voltage S4 exceeds the threshold 

voltage Vref2 at the characteristic D, the output signal S16 
from the voltage comparator 418 becomes high in potential 
(H) for a fixed period of time, whereby, the counter 426 
performs an up-counting operation by one. Simultaneously 

10 with the oscillator selecting state shifting from the 

characteristic D to the characteristic C # the signal S14 
temporarily becomes high in potential (H) , and the control 
signal S4 temporarily returns to the range between the 
threshold value Vrefl to threshold value Vref 2 , therefore, a 

15 change in the output signal S16 to a high potential (H) 

after switching over the voltage controlled oscillators is 
prevented. 

Furthermore, by the 2 -input AND circuit 7 into which 
the signal S14 and reference signal are inputted, since the 

20 frequency divider 5 is reset for a fixed period of time at a 
point in time of change in the voltage controlled oscillator 
selecting state, the phase of the reference signal and an 
output of the frequency divider 5 are synchronized, a great 
change in frequency caused by a change in the voltage 

25 controlled oscillator selecting state is detected by a phase 
comparator 1 in a short time, thus in the selecting state of 
a voltage controlled oscillator group 4 having different 
control voltage-oscillation frequency characteristics, 
malfunction is prevented. 

30 Even after PLL control according to the characteristic 

C is performed as such, since frequency of the internal 
signal is still lower than the quadruple frequency of the 
reference signal, the control voltage S4 again exceeds the 
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threshold voltage Vref 2 . At this time, since 2-bit output 
from the up history counter 427 simultaneously becomes high 
in potential (H) , an output from the AND circuit 429 becomes 
high in potential (H) , whereby, an output S4 from the loop 
5 filter 3 is forcibly set lower than the threshold value 

Vref2 and in the vicinity thereof, and simultaneously, the ~ 
frequency divider 5 also repeats the aforementioned 
operations, and the characteristic shifts to the 
characteristic B. 

10 Even after PLL control according to the characteristic 

B is performed as such, since frequency of the internal 
signal is still lower than the quadruple frequency of the 
reference signal, the control voltage S4 again exceeds the 
threshold voltage Vref 2, the selection circuit 6 repeats the 

15 aforementioned operations, and the characteristic shifts to 
the characteristic A. 

At this point in time, the voltage controlled 
oscillator is outputting a frequency roughly the same as 
that of the reference signal, while the phase of the 

20 frequency divider 5 also has a value according thereto, 

therefore, the two frequencies are thereafter equalized, and 
a lock finally occurs at the characteristic A. 

On the other hand, if, for example, the frequency of 
the reference signal CKl is switched over so as to make a 

25 desirable oscillation frequency fosc fl < fosc < f2 in a 
condition currently being locked to the characteristic A, 
the characteristic switches over, for example, from the 
characteristic A to the characteristic B to the 
characteristic C to the characteristic D, and the circuit is 

30 finally locked to the characteristic D. 

Fig. 5 is a characteristics diagram showing 
oscillation frequency characteristics of a voltage 
controlled oscillator group 4 shown in Fig. 3 with respect 
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As described above, in the present embodiment, the 
output value S4 from the loop filter 3 is set in the 
vicinity of the threshold voltage Vrefl or threshold voltage 
5 Vref 2 , however, this becomes effective when a necessity to 
greatly change frequency arises. This is because, during a 
use within an identical band, normally, it is sufficient to 
finely adjust frequency in a frequency range of not more 
than two voltage controlled oscillators, however, when 
10 jumping to a different band, a necessity to greatly change 
frequency arises. 
(Third Embodiment) 

Fig. 6 is a block diagram showing. a configuration 
example of a quadruple circuit to which a third embodiment 
15 of a PLL circuit of the present invention has been applied. 
Here, in Fig. 6, identical symbols will be used for 
components identical to those shown in Fig. 1, whereby a 
detailed description thereof will be omitted. 

As shown in Fig. 6, in the present embodiment, for 
20 components shown in the first embodiment, a resonant circuit 
group 434 composed of a plurality of resonant circuits 
having different resonance frequencies is provided in place 
of voltage controlled oscillators having different frequency 
variable ranges, and by switching over a plurality of 
25 resonant circuits, obtaining effects similar to those shown 
in the first embodiment is intended. Here, a resonant 
circuit is normally composed of an inductor and a capacitor. 
(Fourth Embodiment) 

Fig. 7 is a block diagram showing a configuration 
30 example of a quadruple circuit to which a fourth embodiment 
of a PLL circuit of the present invention has been applied. 
Here, identical symbols will be used for components 
identical to those shown in Fig. 1, whereby a detailed 
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description thereof will be omitted. 

As shown in Fig. 7, in the present embodiment, for 
components shown in the second embodiment, a resonant 
circuit group 434 composed of a plurality of resonant 
5 circuits having different resonance frequencies is provided 
in place of voltage controlled oscillators having different 
frequency variable ranges, and by switching over a plurality 
of resonant circuits, obtaining effects similar to those 
shown in the second embodiment is intended. Here, a 
10 resonant circuit is normally composed of an inductor and a 
capacitor. 
(Fifth Embodiment) 

Fig. 8 is a block diagram showing a configuration 
example of a quadruple circuit to which a fifth embodiment 
15 of a PLL circuit of the present invention has been applied. 
Here, identical symbols will be used for components 
identical to those shown in Fig. 1, whereby a detailed 
description thereof will be omitted. 

As shown in Fig. 8, in the present embodiment, for 
20 components shown in the first embodiment, a ring oscillator 
43 5 to which a plurality of inverters whose delay times are 
variable have been connected by coupling is provided in 
place of voltage controlled oscillators having different 
frequency variable ranges. In the present embodiment, by 
25 switching over a coupling number of the ring oscillator 43 5, 
frequency can be changed in a wide range . 
(Sixth Embodiment) 

Fig. 9 is a block diagram showing a configuration 
example of a quadruple circuit to which a sixth embodiment 
30 of a PLL circuit of the present invention has been applied. 
Here, identical symbols will be used for components 
identical to those shown in Fig. 1, whereby a detailed 
description thereof will be omitted. 
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As shown in Fig. 9, in the present embodiment, for 
components shown in the second embodiment, a ring oscillator 
435 to which a plurality of inverters whose delay times are 
variable have been connected by coupling is provided in 
5 place of voltage controlled oscillators having different 
frequency variable ranges. In the present embodiment, by 
switching over a coupling number of the ring oscillator 43 5, 
frequency can be changed in a wide range . 

Here, in the aforementioned six embodiments, although 

10 description has been given for cases where four voltage 
controlled oscillators having different control voltage- 
oscillation frequency characteristics were included, it is 
also possible to similarly construct a quadruple circuit for 
a case where two or more arbitrary numbers of voltage 

15 controlled oscillators are included. 

In addition, in the aforementioned embodiments, 
although voltage controlled oscillators having such 
characteristics that the oscillation frequency is heightened 
as the voltage of the control signal S4 becomes higher in 

20 potential, it is also possible to use voltage controlled 
oscillators having opposite operating characteristics, 
namely, characteristics that the oscillation frequency is 
lowered as the voltage of the control signal S4 becomes 
higher in potential. In this case, if the threshold 

25 voltages Vrefl and Vref2 are used as they are, the 
characteristic for PLL locking switches over to a 
characteristic higher in frequency than a current 
characteristic when the voltage of the signal S4 becomes 
less than the threshold voltage Vrefl, and it switches over 

30 to a lower- frequency characteristic when the voltage of the 
signal S4 becomes the threshold voltage Vref2 or more. 

In addition, although description has been given of 
each of the four voltage controlled oscillators composing a 
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voltage controlled oscillator group 4 while providing that 
the threshold voltages Vrefl and Vref2 were all identical, 
it can also be considered that the threshold voltages Vrefl 
and Vref2 are different for each of the four voltage 
5 controlled oscillators. 



Industrial Applicability 

The present invention relates to a PLL circuit which 
is preferably used, by use of a plurality of voltage 

10 controlled oscillators having different control voltage- 
oscillation frequency characteristics, for mobile 
communication systems to realize a multiband radio function, 
namely, a transmitting and receiving function in multiple 
frequency bands and which makes it possible to select, in a 

15 short time, a required voltage controlled oscillator 
according to a desirable oscillation frequency. 
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